The ice regime of rivers is considered a sensitive indicator of climate change. This paper summarises the results of research on the long-term changes in the ice regime parameters under changing climate conditions and their regional peculiarities in Latvia from 1945 to 2012. The ice cover duration on Latvian rivers has decreased during recent decades. The research results demonstrated that there is a positive trend as regards the formation of the ice cover and in 31.8% of the cases the trend is statistically significant at p < 0.05. As regards the breaking up of ice, there is a statistically significant negative trend in 93.2% of the cases at p < 0.05. This indicates an earlier ice break-up date, which in turn, displays a strong correlation with the increase of the air temperature. The same pattern applies to the reduction of the length of ice cover (a statistically significant trend in 86.4% of the cases at p < 0.05). In approximately 60% of the cases, there is a statistically significant reduction of the ice thickness. The estimated winter severity index indicates warmer winters over the last 20 years as well as regional differences in the west-east direction.
INTRODUCTION
cover; however, they do not analyse the long-term and seasonal changes in the parameters characterising the split of ice regime of rivers and regional differences in rivers of various sizes. Earlier studies on the ice regime of rivers and lakes and their regional differences were conducted by Glazacheva in the 1960s (Glazacheva , ) .
Therefore, the objective of this study was to analyse the long-term changes in the ice regime of variously sized rivers in Latvia from 1945 to 2012, i.e., freeze-up date, break-up date, ice cover duration and thickness, and their regional peculiarities.
DATA AND METHODS
In order to describe the long-term changes in the ice regime The date of the beginning of the first lasting (20 days and above) ice cover was assumed to be the date of the formation of the ice cover. If stable ice cover is interrupted one to three times by an ice-free period just lasting for a few days (for a period which is considerably shorter than the period with the ice cover), such interruptions were disregarded. The date when wash-outs, a coastal ice-free area appears, the ice breaks up and flows away was assumed to be the date of the break-up of ice. The length of the ice cover was estimated on the basis of the total number of days between the freeze-up and 1 day after its disappearance. The length of the ice cover includes the days with the movement of ice, ice-free areas and water on top of the ice.
The ice thickness was measured in centimetres in the middle of the river on the 5th, 10th, 15th, 20th, 25th and the last date of the month. The mean and the maximum ice thickness were calculated afterwards.
The dates of freeze-up and break-up of the ice cover were transformed into a numerical format, i.e., the day as from 1st October (1st October ¼ day 1, 15th December ¼ day 76, etc.), thus making the handling of the data easier.
In order to analyse long-term trends for years where ice covers had not been recorded, 10th March (day 160 as from 1st October) was assumed to be the freeze-up date and 10th December (day 70 as from 1st October) was assumed to be the break-up date. In order to assess climate changes in Latvian rivers, the severity index was calculated by Sztobryn et al. () . For the calculation of the index (S), the number of days with ice (N) and ice formation probability (p) of each winter season was used:
where N is the number of days with ice and p is ice formation probability. The probability of ice formation (p) is estimated by dividing the number of years with ice (Y i ) by the total number of years during the observation period
where Y i is number of years with ice and Y sum is total number of years during the observation period.
RESULTS

Changes in the air temperature
As air temperature is among the major factors impacting the ice regime, the sum of the annual mean and negative air temp- (Table 1) .
As can be seen in Figure 3 , the sum of the negative air temperatures tends to decrease and this is related to the global climate warming during the last decades.
If the sum of negative air temperatures is calculated, it can be seen that the sum of the negative air temperatures air temperature sum which is statistically significant for all the rivers analysed within the study. Also, the ice thickness has a negative correlation with the sum of the absolute negative air temperatures.
Changes in the ice regime
Ice freeze-up and break-up date
At negative air temperatures the ice cover forms over rivers sooner or later. The formation of stable ice cover lasts, on when there was no ice cover. In the Eastern region of Latvia this trend is less significant, i.e., one to three cases per decade, however, the biggest changes are related to the Western region where the ice cover might not form four to six times during a decade.
Ice thickness
The ice thickness is not the same every year. In warm winters, the ice cover is either very thin, remains for a short time or does not form at all. In severe winters, the ice thickness reaches several tens of centimetres. The mean ice thickness in the rivers has tended to decrease (Figure 11 ). 
Severity index
In order to evaluate the conditions of each particular winter over the period studied from 1945 to 2012, the winter Based on the analyses of the winter severity index, the following seasons can be referred to as severe winters: 1945/1946-1946/1947, 1954/1955-1959/1960, 1968/1969, 1975/1976, 1983/1984, 1993/1994, 1995/1996, 2002/2003 and also 2009/2010-2010/2011 . This also coincides with duration of the ice cover, where the longest durations can be mainly seen during the first decades over the period /1974, 1978/1979, 1987/1988-1988/1989 , and the following as warm winters: 1964/1965-1965/1966, 1974/1975, 1980/1981, 1990/1991-1994/1995 and also 2004/2005-2007/2008 , when formation of the ice cover was late and the break-up was early.
1973
DISCUSSION
Air temperature is an indicator of climate change which is most often used for describing global climate change. The variability of the air temperature indicates that air The estimated winter severity index during the last decades indicates warmer and more humid winters which is also confirmed by later freeze-up and earlier break-up, as well as a shorter duration of ice cover and a lesser thickness of ice.
There are regional differences also regarding the winter severity index which is higher for the rivers located in the Eastern and Central regions of Latvia and lower for the rivers located in the Western region of Latvia and near the Baltic Sea.
Both the ice regime data and the winter severity index indicate climate warming in the territory of Latvia. Moreover, the trends of the change of the ice regime are also similar in neighbouring countries, confirming the hypothesis regarding the impact of climate change upon the ice regime in Latvian rivers.
